To determine whether gender is associated with the use of ancillary services in hospitalized patients.
M en and women often receive different medical care. However, these differences are not always based on clinical characteristics. 1, 2 Studies comparing care for women and men have yielded varying results depending in part on the care setting and variables studied. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Among outpatients, women generally have had more visits to physicians and receive more care per visit, including more laboratory tests. 3 Hibbard et al. found that the largest differences between women and men in utilization rates occurred among patients who had symptoms associated with the mildest morbidities. They concluded that gender differences in utilization were due to differences in ways that physicians perceive and evaluate symptoms. 2 Cleary et al. suggested that women's higher outpatient utilization might be largely due to reported health differences. 4 Among inpatients, many studies on gender and resource utilization have examined specific disease entities such as coronary disease and the use of interventional procedures. Tobin et al. found that men were 10 times more likely to be referred for cardiac catheterization after an abnormal radionuclide test, and that women were more likely to have true cardiac symptoms dismissed as having a noncardiac etiology. 6 Ayanian and Epstein studied coronary angiography and revascularization in coronary heart disease and found 15% to 45% higher rates for men. 7 The SAVE trial found that although women reported worse anginal symptoms, they received fewer catheterizations and coronary artery bypass grafts. 8 Differences in care have been demonstrated in noncardiac areas as well. For instance, among those who fit the criteria for chronic dialysis, men are more likely than women to receive dialysis, 9 while women on chronic dialysis are approximately 30% less likely to receive a cadaveric renal transplant than their male counterparts. 10 Gender also has been shown to be an independent predictor for non-gender-specific preventive care, such as screening for lung cancer; after controlling for known risk factors, one study found that men had increased rates of screening sputum samples. 11 Some research has failed to demonstrate any effect of gender on resource use. For instance, McGann et al. studied men and women admitted for suspected transient ischemic attacks and found no difference between men and women in the use of computed tomography of the head, carotid and cardiac Doppler ultrasonography, or carotid angiography. 13 This finding may reflect the relative standardization of care and a correspondingly lower level of discretion available to physicians in this clinical context. Subtle differences in the ways physicians treat men and women may be most apparent in discretionary areas of care. Ancillary services represent such an area, given that studies have suggested that up to 50% of ancillary services performed on hospitalized patients may be unnecessary. [14] [15] [16] [17] In one study addressing whether women are treated differently from men, Bernard analyzed resource utilization of patients hospitalized on the medicine service and found that women had longer lengths of stay yet used fewer ancillary "relative value units." 18 Because ancillary testing of inpatients is an area in which discretion plays a large role, and because earlier studies suggest differences in utilization by gender of several important inpatient services, we undertook a study with the following goals: First, to compare crude differences between men and women in clinical laboratory and radiology tests performed for inpatients in the hospital, and then to determine the effect of gender on utilization after adjusting for a number of potential confounders.
METHODS

Patients
In the clinical laboratory group, we included all adults admitted to the medical and surgical services of Brigham and Women's Hospital, a 726-bed tertiary care hospital, over a 16-month period (February 1993 through May 1994). In the radiology group, we included all adults admitted to these services during a 20-month period (April 1993 through November 1994). Different periods were used because it took longer to map the charge data for all involved radiologic procedures to the involved orders. Obstetric patients were excluded for both the clinical laboratory and the radiology groups. Data on clinical laboratory and radiologic services used were obtained from the clinical database, while demographics and resource utilization information were obtained from the hospital's fiscal database. We excluded 612 (2.2%) of the clinical laboratory patient admissions and 444 (1.1%) of the radiology patient admissions because of incomplete data.
Information collected included age, gender, race, insurance status, clinical service at admission, discharge diagnosis-related group (DRG) and its associated weight, length of stay, and total charges. Insurance status was categorized as uninsured or Medicaid versus other (including, for example, Medicare, fee-for-service, and HMO). At the time of the study, this was the primary distinction driving resource utilization because there was relatively little capitation in our market. Weights are assigned by the Health Care Financing Administration to each DRG and are used to determine reimbursement for a specific DRG, so that they measure the expected intensity of resource use and, indirectly, severity of illness by diagnosis. 5 
Outcome Variables
Primary outcomes were laboratory tests, their associated charges per hospital admission, and number of radiology tests with their associated charges per admission. A test was defined as an ancillary service ordered by a physician that had an individual, separate charge code associated with it. We also looked at the total charges per admission to determine if any differences in the ancillary services were part of a larger trend that existed in other services used by hospitalized patients.
Analysis
The unit of analysis was the admission. Results of number of tests and associated charges are reported as means with standard deviations as well as medians with 25% and 75% quartiles. Initial univariate comparisons were done using both the two-sample Student's t test and the Wilcoxon rank-sum statistic. Subsequently, we performed multivariate linear regression analyses adjusting for covariates known or suspected to affect ancillary service utilization. In the multivariate model, we adjusted for age, race, service at time of admission, primary insurance class, DRG weight, and length of stay. Because length of stay and DRG weight could be collinear, we looked for evidence of this using a variance inflation factor test, and found no evidence of significant collinearity for either the laboratory or radiology group.
Also, because the prevalence and quality of many clinical problems differ in men and women, case mix is a potential confounder. To address this issue, we examined the five most common DRGs in our hospital: major joint and limb procedure, lower extremity (DRG 209); percutaneous cardiovascular procedures (DRG 112); chest pain (DRG 143); major chest procedure (DRG 75); and heart failure and shock (DRG 127). The DRGs were evaluated individually and pooled using the same outcome variables mentioned above, adjusting for age, race, insurance category, and in the pooled analysis, adjusted for DRG. Although we would not expect statistically significant differences for individual DRGs because of small sample sizes, we felt it was important to evaluate the consistency of the effect within common DRGs because any differences present with groups with similar diagnoses would strengthen the overall inference that gender differences were not simply due to case mix. All analyses were done using SAS (Release 6.03, SAS Institute, Cary, NC, 1988).
RESULTS
Of the 28,055 admissions to the hospital in the clinical laboratory group, 14,101 (50.3%) were for women (Table 1). More men than women were white (76.9% vs 70.4%, p Ͻ .0001), but men and women had similar ages and insurance status. Compared with women, men had higher median DRG weights ( In the radiology study, women received 24.4% fewer tests (1.89 Ϯ 3.53 vs 2.50 Ϯ 4.23, p Ͻ .0001). Correspondingly, the associated charges for the radiology tests were 15.6% lower for women ($286 Ϯ $540 vs $339 Ϯ $603, p Ͻ .0001). In this cohort, the average total charges per admission were 19.6% smaller for women ($14,621 Ϯ $24,726 vs $18,182 Ϯ $33,499, p Ͻ .0001).
After adjusting for potential confounders including age, race, insurance status, DRG weight, and length of stay, we found that although the difference was smaller, women still received fewer laboratory tests per admission: Ϫ 3.7% (51.8 Ϯ 0.4 for women vs 53.8 Ϯ 0.4 for men, p Ͻ .001, model multiple correlation coefficient [ R 2 ] ϭ .76; Table 3). In the adjusted associated laboratory charges, there was a comparable decrease in the size of the difference to Ϫ 4.8% ($1,576 Ϯ $17 for women vs $1,656 Ϯ $17 for men, p Ͻ .001, model R 2 ϭ .69). After adjusting for potential covariates, total charges per admission were slightly lower for women than for men, but the difference was not significant: Ϫ 1.2% ($17,450 Ϯ $113 for women vs $17,655 Ϯ $113 for men, p ϭ .20, model R 2 ϭ .82). If length of stay is excluded from these models, the strength of the association between gender and the outcomes decreases for outcomes (tests per admission, charges for tests, and total charges) and is no longer significant, suggesting that length of stay is an important confounder. We performed a test for collinearity between length of stay and DRG weight, and found no significant collinearity.
In adjusted analyses, using the number of radiology tests as the outcome, we also found a smaller difference than in crude analyses with women receiving 2.07 Ϯ 0.02 radiology tests versus 2.31 Ϯ 0.02 for men (Ϫ10.4%, p Ͻ .0001, model R 2 ϭ .48). The adjusted radiology charges were $305 Ϯ $3 for women and $318 Ϯ $3 for men (Ϫ4.1%, p Ͻ .01, model R 2 ϭ .38). In the adjusted analyses using total charges as the outcome for this period, women had modestly lower charges ($16,218 Ϯ $96 for women vs $16,498 Ϯ $102 for men, Ϫ1.7%, p ϭ .05, R 2 ϭ .78). For this group, we repeated the analyses without length of stay, and found that the magnitude of the association between gender and the outcomes again decreased, although the association between tests per admission remained significant (p Ͻ .0001).
When we studied the patients with the five most frequent DRGs, there was variation by DRG, but the utilization, adjusted for race, age, and insurance status, was the same or lower for women in both the clinical laboratory group (Table 4 ) and the radiology groups (Table 5) 
DISCUSSION
In the inpatient setting, we found that women received fewer clinical laboratory and radiology tests than men did. On initial, unadjusted analysis, women received 9.5 fewer laboratory tests (charges, $336) and 0.61 fewer radiology tests (charges, $53) than did men. After adjusting for various demographic and clinical factors that may affect the rate of ancillary services use, the gender differences became considerably smaller but persisted; women received 2.0 fewer laboratory tests (charges, $80) and 0.31 radiographs (charges, $28). When we analyzed the pooled data from the five most common DRGs, controlling for DRG and other potential confounders, we found significant, large differences between men and women for both radiology and clinical laboratory tests. Finally, although we found trends toward smaller total charges for women, these differences were only marginally or not statistically significant. Our initial, crude analyses demonstrated large differences in ancillary utilization between men and women, but these differences shrank considerably when adjusted for covariates. This indicates that factors such as case mix are much more important as determinants of ancillary utilization than is gender. One of these determinants, the patient's length of stay, could have an associative as well as a causative relation to ancillary utilization, as performing more tests could be associated with longer length of stay owing to the sequelae of false-positive results. However, excluding length of stay from the models decreased the differences in utilization between men and women because men stayed longer than women.
We were concerned that the differences that persisted were due to differences in the disease processes that affect men and women, so we chose the five most common DRG categories between the two study groups, evaluated them individually, and also pooled them for further analysis. Only a few of the specific DRGs had statistically significant differences based on gender, probably because the sample size in each group lacked the power to detect small differences with consistency. However, when we pooled the data from the five DRGs, the differences in both the laboratory study and the radiology study were significant.
We found only modest differences in total charges for women. As ancillary services account for a small fraction of the total charges, we did not have the power to detect a modest difference in total charges if that difference was based on ancillary service use. The difference we found in total charges was approximately equal to the sum of differences for radiology and clinical laboratory tests. The possibility of gender difference in ancillary test use but not in other areas of resource utilization is consistent with our hypothesis that different treatment based on the patient's gender might be more evident in areas of greater physician discretion.
The differences in clinical laboratory resource we found were clearly statistically significant, but small, particularly in the adjusted analyses. Thus, their clinical significance is debatable. However, the direction of the results (less resource use in women) is consistent with a large series of studies in other domains in which clinical significance is clear. [7] [8] [9] [10] 19 The effect sizes we observed (3.7% for clinical laboratory tests and 10.4% for radiology tests) were smaller than those observed in some other domains such as cardiac procedures, in which rates up to 45% higher have been reported. 8 There are several possible explanations for the gender differences we observed. There could be clinical differences between men and women that we were not able to account for in the adjusted analyses. In particular, men could be sicker than women. However, we did adjust for DRG weight and length of stay, both of which are measures of case mix. Another possibility is that men request more tests than women. However, this is unlikely to be the case among inpatients, whose wishes typically play a smaller role than those of patients in other settings.
Another issue that most likely plays a role is gender differences in test ordering on the part of physicians. Several studies have evaluated the effect of physician gender 12 and this effect was stronger for male patients than for female patients. Because we did not know the gender of the physicians ordering the tests in this study, we could not explore these issues. However, male and female patients will continue to see both male and female physicians, and in our view the goal should be to develop strategies to ensure that patients receive appropriate care independent of their gender or their physician's. From our data, we cannot say which group received more appropriate care. However, both overtilization and underutilization represent suboptimal care. Data about whether most variation is due to overutilization or underutilization are sparse, but in one study, Leape et al. found that inappropriate use accounted for only a small fraction of variance in the use of several interventional procedures. 21 This study had several limitations. Our methods of case-mix adjustment, using DRG weights and length of stay, are relatively crude. However, the overall model R 2 was high, suggesting that the combination of DRG weights and length of stay accounted for much of the variability in ancillary testing. Also, we could not examine whether the differences in ancillary services utilization had any effect on outcome; therefore, we could not address the issue of whether men or women received more appropriate care.
We found gender differences for inpatients in the use of ancillary services, with women receiving fewer tests. However, we also found large variation between different DRGs, and most of the gender differences are accounted for by known predictors of ancillary utilization such as length of stay and DRG weight. The differences based on gender are persistent but small and may not exist in other areas of resource use. These findings are consistent with previous reports and the hypothesis that in areas of high physician discretion, factors such as patient's gender may play a larger, possibly inappropriate role in resource allotment. 
